Optogenetics allows precise, fast and reversible intervention in biological processes. Coupled with light-sheet microscopy, this approach allows unparalleled insight into the regulation of signaling pathways and cellular processes from a spatial and temporal perspective in vivo. To develop this method, we investigated the spatial and temporal regulation of canonical Wnt signaling during anterior-posterior patterning of the Drosophila embryonic epidermis. Cryptochrome C (Cry2) from Arabidopsis Thaliana was fused to mCherry fluorescent protein and Drosophila β−catenin to form an easy to visualize optogenetic switch. Blue light illumination caused reversible oligomerization of the fusion protein and inhibited downstream Wnt signaling in vitro and in vivo. Temporal inactivation of β−catenin showed that Wnt signaling is required not only for Drosophila patterning formation, but also for maintenance throughout development. By applying light-sheet microscopy to activate the pathway and then record subsequent behavior in toto, we show precise spatial regulation of Wnt signaling in vivo. We anticipate that this method will be easily extendable to other developmental signaling pathways and many other experimental systems. During mammalian kidney development nephron progenitor cells in the cap mesenchyme surround the tips of the branching ureteric epithelium to form a self-renewing nephron progenitor niche. As branching proceeds some progenitor cells differentiate in response to regionalized inductive cues and leave the cap to form early nephrons. We previously showed that the nephron progenitor niche is highly dynamic. Cap mesenchyme cells migrate both within and between domains in response to cues from the niche. We are now studying how these motile progenitors differentiate in a precise, spatially regulated manner. Wnt4 expression is regarded as a terminal marker of commitment to nephron formation. Using tamoxifen-induced Wnt4-Cre to activate a fluorescent reporter, we observed labelling within differentiating nephron progenitors, and a small proportion of apparently uncommitted cells within the cap mesenchyme. Analysis of live and static whole organ confocal volumes revealed a Wnt4-Cre lineage that originates at sites of differentiation, but re-enters and populates the cap over time. Niche re-entry appears to occur across developmental time, suggesting that a cumulative proportion of cap cells are derived from this Wnt4 exposed lineage. Wnt4-Cre labelled progenitors move and behave similarly to those labelled using cap marker Six2-Cre, but show an increase in their speed of migration. Somites are segmented epithelial structures that form from the presomitic mesoderm (PSM) in a rostro-caudal progression during vertebrate development. These transient structures undergo epithelial-to-mesenchymal transition (EMT) and dissociate ventrally to form the sclerotome, the source of the axial skeleton, and dorsomedially to produce the dermomyotome and myotome, the source of all trunk and limb skeletal muscle. Somite differentiation involves a complex morphological transition and the genetic and signalling control of this process is well characterised. However, very little is known about individual cell dynamics within the somite and studying the cellular rearrangements and morphogenesis in live tissue over time (4D) has proven challenging. Here, we perform live imaging of differentiating somites in GFP-transgenic chick embryos using multi photon microscopy. This provided extremely high resolution of cellular dynamics in 4D. We further describe a novel setup for mounting, orientating and imaging of embryos inside a humidified chamber. This method allowed us to measure the precise growth rate of somites and also to track single cells that divide, migrate and elongate over time. We describe for the first time a concerted movement of myogenic progenitors towards the anterior dorso-medial lip of the myotome, where myogenesis first initiates. The use of live imaging chambers, transgenic chick embryos and multi-photon microscopy provides single-cell information and will enable further experimentation, such as the study of embryonic abnormalities that arise due to altered cell behaviour induced by genetic manipulations or chemical treatments. The secreted signaling protein Wnt3 is an essential ligand that interacts with plasma membrane receptors on target cells to activate the Wnt signaling pathway and consequently mediate several developmental processes such as neural patterning and vertebrate primary axis formation. Aberrant Wnt3 signaling is associated with diseases such as incomplete embryonic growth, Tetra-amelia and cancer. The post-translational palmitoylation of Wnt3 by a membrane-bound O-acyltransferase, Porcupine, at the endoplasmic reticulum is vital for the intracellular trafficking of Wnt3 to the plasma membranes of Wnt-producing cells and proper Wnt3 signaling thereafter. It was shown earlier by our group that the inhibition of Porcupine, and therefore palmitoylation of Wnt3, by porcupine inhibitor C59 led to reduced membrane localization and secretion of Wnt3, and defective brain patterning in live Wnt3-EGFP transgenic zebrafish (1). In the current study, we seek to uncover the membrane distribution of Wnt3 in the same transgenic line by single plane illumination microscopy-fluorescence correlation spectroscopy (SPIM-FCS). SPIM-FCS is an imaging modality of FCS which combines fast array detectors to the plane illumination of SPIM to generate quantitative multiplexed maps of diffusion coefficient and number of particles (2) . The large penetration depth of the light sheet illumination allows for SPIM-FCS measurements to be performed in the cerebellum of live zebrafish embryos. Furthermore, we applied the FCS diffusion law analysis to SPIM-FCS measurements to elucidate the sub-resolution membrane organization of Wnt3 in live zebrafish. The FCS diffusion law measures the spatial dependence of membrane diffusion of probes to provide information on their subresolution membrane organization. Our results demonstrate that Wnt3 associates with plasma membrane domains that are dependent on cholesterol among other lipid factors in the cerebellum of live zebrafish embryos and palmitoylation of Wnt3 by Porcupine plays an important role in the domain confinement of Wnt3 (3). Activation of EphA2 and EGFR receptor tyrosine kinases (RTKs) is initiated immediately after binding of their respective ligands, recruiting a variety of downstream signaling proteins and ultimately triggering a diverse range of biological outcomes. Although EphA2 and EGFR respond to distinct ligands (ephrinA1 and EGF, respectively), and trigger distinct responses, they also share key proximal signaling molecules. One such molecule is Grb2, which is an adaptor protein recruited to phosphorylated tyrosine residues and responsible for the recruitment of the Ras activator, SOS. How such receptor triggered signaling activities retain the identity of the triggering receptor and how (or if) different receptors may synergize or compete remains largely unknown. Here we monitor Grb2 recruitment to ligand-activated receptors in a live cell system in which EphA2 and EGFR are spatially segregated, thus allowing unambiguous distinction of which receptor signaling complex each Grb2 molecule is binding. Results reveal a competitive effect by which one receptor type is able to influence the signaling activity of the other remotely. Detailed analysis of Grb2 membrane recruitment kinetics reveals distinct differences between Grb2 recruitment to activated EphA2 clusters and clusters of activated EGFR. Consequences of this type of molecular competition for adaptor proteins in the overall context of signal transduction will be discussed. Brain morphogenesis begins with complex 3D deformation of a simple cylindrical structure called neural tube that is composed of monolayer neuroepithelium in earlier stages. As is the case for many organs, "how microscopic molecular and cellular dynamics are linked to macroscopic organ morphology" remains an open question. Here we focus on the optic vesicle evagination process that is a main morphogenetic event during early forebrain morphogenesis. We constructed tissue-level 3D deformation maps for chicken forebrain morphogenesis from somite stage (SS) 5 to SS13; SS5 corresponds to the very beginning of optic vesicle formation from a simple neural tube and at SS13 a fully evaginated optic vesicle [Morishita et al., revised] . The tissue deformation analysis showed that globallyaligned anisotropic deformation (i.e., biased tissue stretching) along the medio-lateral axis, rather than local area growth, is the predominant morphogenetic mechanism that occurs throughout the entire period of our focus (i.e., SS5-SS13). This is supported by experiments in which tissue evagination and optic vesicle elongation could still be observed even though cell proliferation has been inhibited, although overall size changes slightly. To clarify the underlying molecular/cellular mechanisms of this directional tissue stretch, we performed time-lapse imaging at single-cell resolution and quantified cellular dynamics and characteristics (e.g., frequency and orientation of cell rearrangement, cell size, shape, and division orientation). These analyses indicated that tissue-level anisotropic deformation is driven by cell rearrangements. Further, we will also discuss the relationship between cell rearrangement and localization of phosphorylated myosin / anisotropic tissue stress measured by laser ablation experiments. How groups of cells organize to form an organ and, in particular, how an organ regulates its shape remains poorly understood. To gain deeper insight into the formation of complex organ shape during development, we focus on the growth -and subsequent condensationof the Drosophila embryo ventral nerve cord. How neurons and glial cells impact the ventral nerve cord formation has been extensively studied genetically, but the role of mechanical interactions in this process is largely unknown. In particular, there exist potential intrinsic and extrinsic mechanical inputs to the ventral nerve cord dynamics.
The ventral nerve cord spans nearly the entire embryo length and to access information about its three-dimensional topology requires in toto quantitative imaging tools. Here, we combine multi-view light-sheet microscopy with genetic perturbations to explore the role of mechanics in shaping the ventral nerve cord. We selective inhibit
